The anion recognition properties of the newly synthesised 5,5-dioxophenothiazine bis(phenylurea) and bis(phenylthiourea) were investigated using UV-vis spectroscopy. While most of the studied anions were bound only by the neutral receptors, fluoride and acetate were complexed even by the deprotonated ones.
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Introduction
Sensor molecules capable of selectively recognizing cationic, anionic or neutral species have received a great interest due to their potential applications in pharmaceutical and food industry as well as in environmental chemistry. 1 In the last decade, many efforts have been devoted to the development of anion sensors, 2,3 among them receptor molecules, which allow optical detection of anionic species. [4] [5] [6] [7] [8] [9] One of the main groups of anion receptors consists of neutral molecules having slightly acidic groups, which bind anions by hydrogen bond formation. Examples include amide- [10] [11] [12] and ureabased [10] [11] [12] [13] [14] receptors and host molecules containing heterocycles with slightly acidic NH groups, 11, 12, [15] [16] [17] [18] among them bis(phenylureas) and bis(phenylthioureas) having tricyclic heterocyclic units like acridone 17 and carbazole. 18 Increasing the acidity of the sensor molecules can lead to the deprotonation of those in the presence of basic anions (such as fluoride, acetate and dihydrogen phosphate) causing large spectral changes. 19, 20 Sensor molecules having thiazine 1,1-dioxide units were synthesised by Wang and co-workers for the studies of their anion complexing ability. 21 Recently, we reported the synthesis and anion recognition studies of two 5,5-dioxophenothiazine-1,9-diamides. We demonstrated that fluoride, acetate and dihydrogen phosphate caused the deprotonation of both sensor molecules meaning that the spectral changes were mainly induced by acid-base equilibria.
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Since increasing the number of binding sites of the receptor molecules may enhance the complexation ability, we synthesised novel phenothiazine-5,5-diones containing urea and thiourea units, respectively (1 and 2, Scheme 1), and studied their behaviour toward different anions in acetonitrile. molecule), which was removed using SQUEEZE program. 23 The other two solvent molecules were bound to the receptor by N-H···O type hydrogen bonds formed between the urea or phenothiazine NH groups and the sulfinyl groups (Fig. S6 , see Supplementary data).
Anion recognition studies
The anion recognition ability of receptors 1 and 2 was studied in acetonitrile toward the tetrabutylammonium salts of fluoride, chloride, bromide, iodide, nitrate, hydrogen sulfate, sulfate, dihydrogen phosphate and acetate using UV-vis spectroscopy.
Both receptor molecules formed complexes of 1:1 stoichiometry with chloride, bromide, hydrogen sulfate, sulfate and dihydrogen phosphate, while complexation with nitrate took place only in the case of receptor 1 (spectral changes characteristic to complexation are shown in Fig. S8 and S9, see Supplementary data). Iodide had no effect on the absorption spectra of any of the receptors. In general, complexes of receptor 1 had more than one order of magnitude higher stability constants than those of receptor 2 ( Table 1) . 
The titration series of spectra could not be fitted satisfactorily X-ray crystallographic analysis of a single crystal grown from a solution of receptor 1 and tetrabutylammonium chloride in a methanol-acetone mixture showed the formation of a 2:2 complex held together by urea N-H···Cl type hydrogen bonds ( Upon addition of one equivalent of fluoride or acetate to the solution of either receptor molecule, complexation induced changes could be observed in the absorption spectra ( Fig. 2A and S10A, see Supplementary data). Further addition of these anions caused spectral changes characteristic to deprotonation ( Fig. 2B and S10B, see Supplementary data), however, these spectra were different from those of deprotonated receptors 1 and 2 ( Fig. 3 and S11, see Supplementary data). These results assumed that deprotonated receptor-anion complexes had been formed. This assumption was confirmed as follows. In the case of fluoride, after complexation not only further one (unlike the examples in the literature 19, 20, 22 ), but further two equivalents of the anion were Similar results were found by Camiolo and co-workers between a dinitrophenyl-substituted pyrrole-2,5-diamide and fluoride, however, they reported a three-step process. Namely, the first equivalent of fluoride was complexed by the neutral receptor molecule, the second equivalent caused deprotonation with the formation of [HF 2 ] -, and the third equivalent was coordinated by the deprotonated receptor. 24 Since our latter results showed that in the cases of fluoride and acetate, deprotonated receptoranion complexes were formed via deprotonation of the neutral receptor-anion complexes by an excess of the anion, we also examined whether the receptors deprotonated by an excess of a base (DBU or tetrabutylammonium hydroxide) could form complexes with anions. As expected, fluoride was strongly complexed by the deprotonated receptors (Table 1 , Fig. 6 and S13, see Supplementary data). The absorption spectra of these complexes showed good accordance with the spectra obtained by addition of three equivalents of fluoride to the neutral receptors. The deprotonated receptors showed similar, but weaker complexing ability toward acetate than fluoride (Table 1) 
Conclusion
In summary, we reported here the anion recognition studies of new 5,5-dioxophenothiazine bis(phenylurea) and bis(phenylthiourea) (1 and 2) , which proved to be capable of complexing fluoride in the presence of bases. These results suggest that anion receptors of similar structures with more acidic properties could provide an opportunity for the development of selective sensor molecules toward fluoride in basic media.
Experimental

General
Reagents were purchased from Sigma-Aldrich Corporation unless otherwise noted. Silica gel 60 F 254 (Merck) plates were used for TLC. Ratios of solvents for the eluents are given in volumes (mL/mL). Solvents were dried and purified according to well established methods. 
General procedure for the synthesis of receptors 1 and 2
To a stirred solution of diamine 3 22 (300 mg, 0.80 mmol) in pyridine (3 mL) was added a solution of phenyl isocyanate (201 mg, 1.69 mmol) or phenyl isothiocyanate (326 mg, 2.41 mmol) in pyridine (2 mL) at rt. After the reaction was completed, the reaction mixture was poured into a water-ice mixture, and acidified to pH 2 using concentrated hydrochloric acid. The precipitate was filtered off, and triturated with hot butyl acetate to give 1 or 2 as white crystals. 
